Introduction
It is no longer a stretch to predict that the majority of surgical patients could have an abnormality in glucose control during their hospitalization. National Health and Nutrition Examination Survey (NHANES) statistics have identified 12.9% of the United States ambulatory population aged ≥20 years as having diabetes, 40% of which are undiagnosed. 1 An additional 29.5% have one of the following prediabetic conditions: impaired fasting glucose (IFG) or impaired glucose tolerance (IGT). 1 Together, fully 42.4% of ambulatory patients have a dysglycemic condition at baseline, with experts estimating this number to be even higher in the inpatient setting. 2 With the additional fraction of surgical patients that will experience stress-induced hyperglycemia, a reasonable approach may be to look at the surgical patient as dysglycemic until proven otherwise.
While practitioners and hospitals often have protocols and practice standards in place to manage those known to have diabetes, these previously identified patients are just a fraction of those at risk for abnormal inpatient glycemic control. These other dysglycemic states, particularly patients with undiagnosed diabetes and those with stress-induced hyperglycemia (SIH), may be unanticipated, unrecognized, hard to differentiate from each other in the inpatient setting, and less well understood, thereby presenting a challenge in perioperative care. 2, 3 This review discusses (1) the spectrum of inpatient hyperglycemic states and (2) current diabetes screening recommendations and their importance in the comprehensive preoperative evaluation. It concludes with recommendations for perioperative glycemic management and future goals of inpatient care.
Inpatient Hyperglycemia: Definitions
The American Diabetes Association (ADA) identifies three categories of inpatient dysglycemia, 2 the first being those with a medical history of diabetes. Diabetes mellitus affected 12.9% of the United States ambulatory diabetes population ≥20 years old in [2005] [2006] , a staggering statistic that has increased from 9.3% in the short time since the 1999-2002 NHANES survey. 4 While approximately 5-10% of these patients have type 1 diabetes, the increase in prevalence is almost entirely attributable to the growing epidemic of type 2 diabetes mellitus due to the increased age of the population, as well as lifestyle issues. 5 It is important to note that the prevalence of inpatient diabetes is likely much higher than these figures, perhaps as high as 25%. 2 In addition, while not formally included in this ADA-designated definition, the prediabetes states of IFG and IGT, as well as gestational diabetes mellitus (GDM), may best be viewed as existing on a continuum with overt diabetes mellitus. These individuals are at extremely high risk for developing diabetes-with as many as 60-70% of patients progressing from GDM or prediabetes to diabetes. [6] [7] [8] A known history of either IFG and IGT certainly confers an increased risk of in-hospital hyperglycemia and could be considered a subset of this classification.
The second category, unrecognized diabetes, includes patients with inpatient hyperglycemia that persists after discharge. 2 Not just a theoretical problem, NHANES data identified 5.1% of the United States ambulatory population as undiagnosed, 1 a figure that is likely higher in the inpatient setting. 2 However, because inpatient blood glucose values should not be used routinely to make a diagnosis of diabetes, 9 this population is difficult to define accurately in the acute care setting. Evidence suggesting that hemoglobin A1c (HbA1c) is a suitable screening test for diabetes 10 may simplify the inpatient diagnosis of diabetes if drawn preoperatively. Undiagnosed diabetes is also a longer term problem in that an initial extended period of uncontrolled hyperglycemia, as might be expected in an unrecognized and untreated patient with diabetes, has lasting effects on cardiovascular health and life expectancy even if blood glucose levels are well controlled later. 11, 12 These facts argue for more robust diabetes screening practices in the ambulatory setting, such as routine HbA1c for those at risk.
The final category, hospital-related hyperglycemia, or stress-induced hyperglycemia, defines patients with inpatient hyperglycemia that normalizes when the counterregulatory hormone surge and excessive pro-inflammatory state abate. 2, 13 While hyperglycemia attributed to diabetes and SIH is not mutually exclusive (Figure 1) , for purposes of discussion, they are considered as separate entities in this review. First, compared to hyperglycemia due to diabetes, SIH is a particular challenge in inpatient care, as (1) its prevalence and natural history are not well defined and (2) its occurrence is unpredictable and often unanticipated by providers. 3 More importantly, there is increasing concern that stress hyperglycemia is different than hyperglycemia secondary to diabetes in that it confers an increased risk of mortality. Rady and colleagues demonstrated higher mortality in patients without diabetes requiring insulin compared to patients with known diabetes (10% vs 6%) in a retrospective single institution intensive care unit (ICU), despite lower average glucose values in the group without diabetes. 14 In a similar retrospective study of critical care patients, Egi and colleagues found that higher blood glucose levels were associated with increased mortality in patients without diabetes, but not in patients with known diabetes, suggesting that hyperglycemia in this group may represent a different pathophysiology and natural history than in patients with known diabetes. 15 In a general care population. Umpierrez and associates screening for a much larger population, specifically all adults age 45 or older and in younger overweight patients with at least one additional risk factor (Figure 2) . 19, 22 retrospectively found higher mortality in hyperglycemic patients without diabetes compared to those with known diabetes (16% vs 3%), as well as a delay in initiation of insulin. 3 An important clinical question remains as to what can be done to ameliorate this increased mortality, and in particular, answer the question of whether all hyperglycemic patients should be treated the same. 16, 17 This question is complicated because the study group "without diabetes" in each of these three studies is, by definition, a mix of patients with previously undiagnosed diabetes combined with hyperglycemic patients with true SIH. With the recent endorsement of HbA1c ≥6.5% as a diagnostic criterion for diabetes, 10 future studies could be able to better define the "nondiabetes" cohort and enable the study of numerous aspects of genuine SIH. Current recommendations for glycemic control do not differentiate patients with diabetes from those with hyperglycemia attributable to stress, but it is not known currently whether glycemic targets should, in fact, be the same. 17 Unfortunately, very little is currently known about SIH in general, including its natural history and risk for developing overt diabetes mellitus in the future. Studies of cohorts that survive inpatient SIH are needed to answer this question in order to better characterize this population.
Preoperative Screening
Although the majority of elective surgical patients undergo a comprehensive preoperative evaluation prior to surgery, current perioperative recommendations have not advocated testing for diabetes mellitus at this visit. 18 However, with the high prevalence of undiagnosed diabetes, case findings should be a public health priority, and every patient visit should be viewed as an opportunity for screening. Adding a simple, inexpensive fasting glucose to other surgery-specific laboratory tests, or HbA1c if fasting values are a challenge, is not only essential to proper perioperative care, but also capitalizes on a screening opportunity for a patient that may not otherwise present for regular routine health care.
The United States Preventive Services Task Force (USPSTF) and the ADA issued the two primary diabetes screening guidelines in the United States. 19, 20 The USPSTF recommendation (regarded by many as the "gold standard" for evidence-based practice guidelines because of their rigorous standards for guideline development 21 ) advocates diabetes screening for adults with hypertension only, citing insufficient evidence ("I statement") to recommend screening for other groups. 20 The ADA guidelines, based on evidence as well as expert opinion, recommend
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Association USPSTF While practice guidelines should clearly be evidence based, they also need to offer providers guidance to make medical decisions when evidence is lacking, or imperfect. 23 In the case of diabetes, both the USPSTF and the ADA have acknowledged that the ideal study to support screening, randomizing newly diagnosed diabetes patients to treatment versus observation, is unethical and will not occur. Since this evidence will never be available, it is essential that guidelines reflect available data. Fortunately, the USPSTF issued a statement addressing this issue, as well as provider frustration, with their "I statements" and have provided a new way of recommending screening in cases where evidence is lacking. 24 Until a new recommendation is issued by the USPSTF, we advocate adherence to the ADA recommendations for all preoperative patients.
The lack of robust ambulatory diabetes screening practices presents a dilemma in perioperative care. Undiagnosed diabetes is typically not anticipated, which can result in a delay in recognition and treatment, possibly resulting in adverse outcomes. 3 Fortunately, if patients have not been screened at their preoperative visit, there are opportunities to risk stratify patients once admitted. First, many patients presenting for elective surgery are fasting, providing an excellent opportunity for preoperative blood glucose testing and risk stratification. In addition, HbA1c, a marker of glycemic control for the prior 3 months, may be an even more valuable inpatient tool to risk stratify hyperglycemic patients without a prior history of diabetes. 18 While this test is unreliable in certain populations, such as in patients after blood transfusion or with hemolytic processes or other conditions affecting red blood cell life, it may be useful in many other patient groups. A comprehensive list of factors that may affect HbA1c is available, 25 and providers should be aware of these limitations when ordering or interpreting test results. In general, experts have advocated attention to HbA1c values above 6, 26 with a HbA1c value of >6.5 endorsed as diagnostic criteria for diabetes. 10, 16, 19 We suggest that any hyperglycemic inpatient without a prior diagnosis of diabetes but with fasting glucose ≥100 mg/dl or random glucose ≥180 mg/dl should have an inpatient HbA1c drawn to determine the presence or absence of diabetes if not done in the preceding 3 months. Given the implication of undiagnosed diabetes on poor wound healing, every effort should be made to establish the diagnosis prior to discharge. Patients with elevated inpatient glucose or HbA1c levels ≥6.0 should be considered high risks for prediabetes 10 and should also receive appropriate ambulatory follow-up.
Perioperative Management: Current Recommendations
The Pendulum Swings: Why?
In-hospital hyperglycemia has been the subject of extensive and dynamic publication since the original landmark Leuven "surgical" study was released in 2001. 27 In this single-center prospective randomized study of 1548 surgical ICU patients, mortality was reduced in patients given an insulin infusion to control blood glucose to 80-110 mg/dl compared to 180-200 mg/dl. This study, combined with other observational data suggesting adverse outcomes with uncontrolled hyperglycemia, 3, 28 initiated a cascade of publications, new practice guidelines highlighting the need for intensive insulin therapy, and the belief by many that tight glycemic control (TGC) should be incorporated into quality measurements for hospitals. 29, 30 However, despite initial enthusiasm for TGC, the resultant large body of literature addressing perioperative glycemic control that has emerged over the latter half of the decade has not been able to confirm these findings and instead has raised concern over a risk of hypoglycemia when this target is attempted. 31, 32 More recently, the prospective multinational, multidisciplinary Normoglycemia in Intensive Care Evaluation and Survival Using Glucose Algorithm Regulation (NICE-SUGAR) trial in 6104 ICU patients reported increased mortality in patients randomized to achieve a blood glucose level of 81-108 mg/dl versus <180 mg/dl. 33 NICE-SUGAR results, combined with mounting evidence produced by other studies since 2001, have caused experts to reconsider their initial enthusiastic endorsement of TGC. Updated, comprehensive recommendations for inpatient glycemic control were issued by the American Association of Clinical Endocrinologists (AACE) and the ADA. 16 These guidelines represent a major change from recommendations made just 5 years earlier 29 and emphasize the need for "reasonable, achievable, and safe" glycemic goals. These organizations have recommended inhospital intensive care unit targets to 140-180 mg/dl and have suggested 100-180 mg/dl as a guideline for general care medical and surgical wards. 16 These updated guidelines reflect the reality that the implementation of protocols to achieve TGC generally has not achieved the benefit initially hoped for and has also created an unanticipated risk of hypoglycemia that has proved harmful to patients. 16 
What Factors Have Contributed to Variable Results in the Literature?
While a comprehensive review of existing literature is beyond the scope of this article and has been published elsewhere, 34, 35 several general principles are worth discussing to illustrate what factors may have contributed to the conflicting results that ultimately resulted in the reversal of expert opinion in 2009. 16, 36 First, existing studies of perioperative glycemic control have varied by when glycemic control was attempted: preoperatively, intraoperatively, postoperatively, or a combination of time frames. 26, [37] [38] [39] This heterogeneity has resulted in uncertainty in what time frame glycemic control may be most critical and has affected the generalizabilty of results. An additional dilemma is the difference in monitoring practices with regards to both accuracy and variability in point-of-care device used and frequency of measurements obtained. 40, 41 Variability in insulin delivery to achieve tight glycemic control has also differed by study and has not been standardized across protocols. 42 Data also suggest that glucose variability, distinct from actual glucose level, may be deleterious to patient outcomes. 43 However, variability could be an unintended consequence of protocols to achieve TGC, as attempts to correct glucose quickly may potentially result in erratic glucose levels and, as a result, poor outcomes.
Definitions of both hypo-and hyperglycemia have also been widely variable across studies. While severe hypoglycemia has been defined consistently as <40 mg/dl, hypoglycemia has been defined anywhere from 40 to 70 mg/dl in the literature. 16, 27, 31, 37, 44 Definitions for "control" study arms have also varied and may range anywhere from 150 to 220 mg/dl. 45 It follows that a study demonstrating the adverse risk of hyperglycemia at 220 mg/dl may not be comparable to one defining hyperglycemia as greater than 150 mg/dl. This lack of standardization and variability of essentially the definition of the primary end point has affected our ability to derive general conclusions from existing data. In addition, no prospective trials to date have been conducted in non-ICU surgical patients. 16, 18, 19 The safety of TGC in general care patients cannot be inferred from ICU studies due to difference in severity of illness and difference in monitoring capability outside the ICU.
In addition, many existing studies demonstrating adverse outcomes in hyperglycemic perioperative patients have been either retrospective or observational in design. Those studies that have been prospective have often not specifically differentiated patients with diabetes from those with SIH and have drawn conclusions that actually may not be applicable to the entire heterogeneous group studied. More recent awareness of SIH raises the question of whether all hyperglycemia should be treated the same and, more specifically, whether hyperglycemia is causal or instead simply a marker of severity of illness due to an uncontrolled counterregulatory hormone surge.
14 If hyperglycemia per se is causing poor outcomes, it would follow that control of hyperglycemia would be beneficial, whereas if it is due to stress and simply a marker of severity of illness, it could be at least in part adaptive and goals for glycemic control might be different. These issues are highlighted by two studies by Gandhi and colleagues in cardiac surgery patients at a single institution. In their retrospective study, hyperglycemia was associated with adverse outcomes, 46 yet when they prospectively randomized approximately 400 cardiac surgery patients to achieve intraoperative glucose between 80 and 100 mg/dl or glucose less than 200 mg/dl, there was a significantly increased risk of stroke (p = 0.020) and a trend toward an increased rate of death (p = 0.061) in the tightly controlled group. 37 These and other studies 3 suggest that caution is warranted before assigning cause and effect and that retrospective data are inherently confounded by this reality. Better identified groups of patients with SIH compared to those with hyperglycemia due to diabetes in prospective randomized trials are needed to help answer these questions.
Finally, many studies have been performed in a specific, well-defined patient population (i.e., cardiac surgery, neurosurgery) with questionable generalizability to other surgical procedures. Other studies, such as the NICE-SUGAR trial, have included a heterogeneous patient population, but may have relatively few patients of a particular type (such as cardiac surgery patients), yet prompt broad, sweeping guidelines for all patient populations. Not just a theoretical problem, it is well known that particular types of surgery pose specific risks, such as risk of stroke and cognitive dysfunction after cardiac surgery. 47 In the aforementioned prospective study by Gandhi and colleagues, 37 it is not clear that the increased risk of stroke demonstrated in the cardiac surgery patients studied would be apparent in other types of surgeries that place the brain at lesser risk, yet this has not been studied formally in all patient populations.
Clearly, a heterogeneous body of literature exists on perioperative and inpatient glycemic control. More importantly, these many factors illustrate how complicated and variable implementation of protocols to achieve TGC may be in clinical practice and demonstrate why a universal one-size-fits-all plan may have failed to replicate initial promising results.
What Glycemic Targets Are Recommended?
Despite the issues just discussed, it remains clear that both extreme hyperglycemia and hypoglycemia are deleterious to outcomes in ICU patients. 48 As indicated previously, the ADA and AACE have revised their recommendations for inpatient glycemic control to reflect new data that have emerged since their previous guidelines, particularly data that have emerged over the latter half of the decade. As mentioned previously, these organizations have recommended ICU targets of 140-180 and 100-180 mg/dl for general care medical and surgical wards. 16 It should be noted that while ICU targets reflect evidence from multiple randomized trials, general care guidelines are expert opinion based on observational data only, as there have been no randomized studies in ward patients. Due to this reality, the American College of Cardiology and the American Heart Association have stated that "the usefulness of strict control of blood glucose concentration during the perioperative period is uncertain in patients with diabetes mellitus or acute hyperglycemia who are undergoing noncardiac surgical procedures without planned intensive care admission." 18 In general, we advocate adherence to ADA/AACE recommendations to target reasonable glycemic control with avoidance of extremes in either direction. These guidelines apply to all hyperglycemic patients regardless of etiology, although it is not currently known if SIH and diabetic hyperglycemia should be treated the same.
Should Surgery be Delayed to Optimize Hemoglobin A1c or Acute Hyperglycemia?
Observational data have demonstrated that poor longterm glycemic control (elevated HbA1c) is a marker for adverse outcomes in surgical patients. 38, 49 However, longterm follow-up of both type 1 and type 2 patients in the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications study and the United Kingdom Prospective Diabetes Study group, respectively, demonstrated that patients with poorly controlled diabetes mellitus are already known to be at increased risk for morbidity and mortality, 11, 50 so it is not surprising that poorly controlled patients with diabetes would fare worse in any setting when compared to patients with better glycemic control. As a result, it cannot be concluded from observational data demonstrating adverse surgical outcomes in patients with elevated HbA1c that actually delaying surgery to correct HbA1c will improve surgical outcomes.
Prospective data, however, are limited, and we are aware of only one study in the literature that has addressed this question prospectively. Suto and colleagues studied 87 patients with diabetes undergoing monocular phacoemulsification cataract surgery, 27 of which were willing to undergo rapid correction of HbA1c (10.3 to 7.4%) in the 3 months immediately prior to their surgery. 51 Unfortunately, patients in this group demonstrated increased progression of retinopathy compared to both patients with poor control (HbA1c 9.5%) and those with similar, but stable control (HbA1c 7.5%) at time of surgery.
As it is believed that rapid glycemic correction can worsen retinopathy, this study cannot be generalized to other surgical populations. However, the randomized prospective Action to Control Cardiovascular Risk in Diabetes Study Group (ACCORD) trial was terminated early due to increased mortality seen in the intensive group that had HbA1c corrected rapidly, by 1.4% over a 4-month period of time. 52 While post hoc ACCORD analysis did not demonstrate increased mortality with rapid correction of HbA1c, these studies in general raise questions regarding the safety of intensive glycemic correction for all patients as might be attempted in patients trying to expedite readiness for a surgical procedure, as there are clearly factors still not well understood about targeted, focused glycemic correction. In addition, a delay in surgery is not practical for many patients requiring urgent or emergent procedures. At this point, glycemic correction of elevated HbA1c prior to elective surgery is not recommended.
It is also unclear whether shorter term improvement in glucose control (hours to days) could improve perioperative outcomes. As noted earlier, observational evidence shows that patients with acutely elevated preoperative glucose fare worse than those with normoglycemia, 53 although there have been no randomized, prospective trials to date investigating whether acute preoperative glycemic correction carries any benefit. At this time, it seems prudent to control blood glucose to a reasonable level preoperatively, but recommendations for exact targets cannot be made.
What Pharmacologic Agents Are Recommended?
Insulin remains the standard of care for inpatient glycemic control. In the intensive care unit, insulin infusions are the preferred method of administration, as the half-life of intravenous insulin is minutes, allowing for rapid titration in the setting of changing clinical status. 2 Insulin infusions are also useful on general care wards when staffing permits, allowing rapid titration at a time when steroids may taper, the counterregulatory hormone surge declines, and diet is advanced. 35 However, because insulin infusion is labor-intensive, and is not available on many general care units, subcutaneous insulin, including basal, bolus, and correction, is the recommended alternative to using correction regimens alone. As a general rule, correction or "sliding scale" insulin should not be used as a single modality, 54 but may be an appropriate starting point for patients with no previous dysglycemia but at high risk for hyperglycemia, such as in patients starting parenteral nutrition or those placed on steroids. Oral agents have class-specific limitations for inpatient use and, except for the most stable general care patients approaching discharge, should not be used routinely. 16, 19 An elevated preoperative HbA1c can provide information that a significant adjustment in preoperative medication may be needed at discharge, including continuing of inpatient insulin for patients that were first placed on it in the hospital. In our experience, restarting oral agents the morning of discharge for patients with good preoperative glucose control seems to work well. This practice ensures both that medications will be tolerated and that the patient will have glycemic coverage postdischarge.
Summary and Future Directions
Inpatient hyperglycemia is a challenging, diverse, yet exceedingly common problem that carries implications for perioperative care. Patients with and without a prior history of diabetes are affected, with unexpected hyperglycemia a difficult issue for inpatient providers to anticipate and treat. Efforts to improve outpatient diabetes screening at the preoperative visit are needed, as well as early identification and risk stratification of perioperative patients in the hospital at high risk for undiagnosed diabetes or stress-induced hyperglycemia. Preoperative fasting blood glucose or HbA1c should be considered for all hospitalized surgical patients who have not recently been screened as an outpatient or have risk factors for diabetes. Any patient found to have an abnormal test in the inpatient setting needs to have an HbA1c drawn in the hospital and should receive follow-up testing in an ambulatory, unstressed state.
Recommended care of the hyperglycemic inpatient has proved to be a swinging pendulum over the past decade. Practice guidelines have been updated to reflect increasing concern over hypoglycemia and increased mortality when protocols to achieve TGC are implemented. Glycemic targets of 140-180 mg/dl for ICU patients and 100-180 mg/dl for general care patients are now recommended. Further studies are needed to determine if poorly controlled patients may benefit if surgery is delayed in order to optimize HbA1c; however, this practice is not currently recommended.
Despite exponentially more publications on inpatient hyperglycemia over the last decade, we have surprisingly been left with far more questions than answers. Future priorities are numerous and include the need to improve ambulatory screening practices so as to have a better defined inpatient population and achieve standardization and optimization of monitoring devices. We also need to investigate the natural history, cause, and treatment of SIH as compared to diabetes patients, better understand the implications of glucose variability, and investigate glycemic targets for general ward patients. As we move into the next decade, it is hoped that we will find answers to these and other questions to optimize outcomes for all perioperative patients.
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